In the near future, intelligence network systems with various smart sensors will be developed and spread over the world to construct infrastructures for the age of information. Such accepts the two voltages and produces a PTAT current in such network systems require a huge number of sensor ICs that a way described in the next section. The CCO accepts the measure various physical data in our surroundings, store and PTAT current and produces oscillation pulses whose frequency process the measured data, and output the data on demand. is proportional to absolute temperature. The digital counter These sensor ICs must operate with ultralow power because records the number of the oscillation pulses at short time they will probably be placed under conditions where they have intervals and outputs the recorded data, an AD-converted to get the necessary energy from poor energy sources such as output. Thus, the circuit operates as a PTAT temperature microbatteries or solar cells. sensor. In this paper, we propose one such sensor IC, a temperature To achieve ultralow power consumption, all of the circuits sensor that can operate with a low power of microwatts in the sensor are designed so that MOSFETs in the circuits or less. Many temperature sensors consisting of CMOS cir-will operate in the subthreshold region . The key component cuits have been reported [1] [2] [3] [4] [5] but are unsuitable for use of the sensor is the PTAT current generator. It makes use of in the intelligence network systems because of their large the transfer characteristics of the subthreshold MOSFETs. The power consumption of several hundred microwatts. To achieve details of its operation are described in the following. ultralow-power operation, we propose a temperature sensor IC that uses MOSFET circuits operated in the subthreshold A Generating a PTAT current region. Our sensor produces an output that is proportional to absolute temperature (PTAT output). In the following, Section
The subthreshold current ID through a MOSFET is an II outlines the construction and operation of our temperature exponential function ofthe gate-source voltage VG and is given sensor, Section III describes the circuit implementation of the by sensor, and Section IV illustrates the operation of the sensor with the results of SPICE simulation. 
(-ID2 --ID1)(-ID2 +-ID1) 2e(VG2 -V1) The difference between Eqs. (4) and (5) is given by
The PTAT current generator can be constructed by using this ID2 ID1 VG2 -VG1 relation.
- Figure 2 shows the bias circuit and the PTAT current generator. A temperature-independent reference current IREF1 The reciprocal of Eq. (6) digital counter to produce the AD-converted digital output.
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